Thiobases are DNA or RNA nucleobases where an exocyclic carbonyl oxygen is replaced by a sulfur atom [1] . Thiation induces a red-shift in the absorption spectrum and causes also a dramatic change in the photophysics with respect to the canonical nucleobases: while in DNA/RNA monomers internal conversion from the photoexcited singlet 1 ππ* state to the ground state mediated by a conical intersection (CI) is the main deactivation channel, the major relaxation pathway in thiobases is via the population of triplet states through an ultrafast intersystem crossing (ISC). Thiobases have attracted much interest in recent years due to their phototherapeutic applications [1] . In spite of that, their ultrafast deactivation mechanisms are still debated.
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In this work we combine transient absorption spectroscopy featuring sub-20-fs time resolution in the UV [2, 3] with hybrid quantum mechanics/molecular mechanics (QM/MM) computational tools [4, 5] to analyse the ultrafast photoinduced dynamics in 4-thiouracil in aqueous solution. An experimental 2D map of the differential absorption (ΔA) is displayed in Fig. 1A , left panel. At early times we observe three signatures: the ground state bleaching (GSB, below 360 nm), a stimulated emission (SE) signal peaking at 400 nm and a photo-induced absorption (PA) band above 500 nm. The SE band displays a first ultrafast decay on the sub-100-fs timescale and subsequently a second PA band peaking at 550 nm grows in on a 500-fs timescale (Fig. 1C ). This band has been observed in previous studies with lower, 200-fs time resolution and has been assigned to triplet-triplet absorption, thus providing a fingerprint of the ISC process [6] . Our data clearly show that ISC does not occur directly from the photoexcited bright state but is mediated by an intermediate dark state [7] . A global analysis (Fig. 1B) of the data reveals time constants of 76 fs and 225 fs for the ππ* SE decay and triplet PA formation. Mixed quantum-classical molecular dynamics simulations (Fig. 1A, right panel) show that the decay path on the bright ππ* state leads to a sloped CI seam with the dark nπ* state populated upon thermal fluctuations. We find that the nπ* state minimum is isoenergetic with two triplet states, of nπ* and of ππ* nature, allowing for the effective population of the triplet manifold. Hopping events are encountered already after few tens of femtoseconds, with an average ππ* lifetime of 100 fs, in agreement with the 76 fs experimental time constant. The longer time constant of 225 fs is assigned to the build-up of PA from the 3 ππ* triplet state, supported by our electronic structure computations revealing higher lying states in the triplet manifold absorbing at 500 nm. Furthermore, the 2D map clearly shows the ultrafast impulsively excited vibrational motions with two frequencies: 400 cm -1 and 680 cm -1 which are in good agreement with the calculated: 457 cm -1 breathing mode and in two hydrogen-out-of-plane bending modes with frequencies 697 cm -1 and 784 cm -1 . 
